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The rechargeable lithium-sulfur battery is receiving a great deal of interest at the 
present time because, theoretically, it can store 3-5 times more energy than current 
lithium-ion batteries. Conventional Li-S cells consist of a lithium metal anode, an 
organic electrolyte,and a sulfur composite cathode.The known problems include low 
volumn ratio, low efficiency of sulfur and low short cycle life. All these problems are 
related to the low electrical conductivity of elemental sulfur and its reduction products. 
As a main part of batteries, electrolyte would greatly affect the performance of Li-S 
battery. The cycle life of the battery would significantly fall if the reduction products 
of elemental sulfur could react with electrolytic compounds. 
Ethylene Carbonate (EC) and Propylene Carbonate (PC) are usually used as 
electrolyte in the Li-ion battery. Compared with other electrolytes, they can improve 
the cycle life of the battery, however. However, they perform very bad when they are 
used as electrolytes in Li-S battery. Because of this question, researchers present 
different opinions. The main difference is that the polysulfide anions formed in the 
dischargeing and chaging processes attacked with the ethyl carbon or the carbonyl 
carbon of the organic carbonate electrolytes. With the development of 
spectroelectrochemical technology, electrochemists could obtain the information of 
electrochemical reactions in the interface at molecular level. As one of optical methods, 
Raman spectroscopy can be easily to coupled with an electrochemical system detect 
Raman-active species both in solvents and on surfaces simultaneously. Therefore, the 
electrochemical Raman Spectroscopy was expected to develop an ideal tool for 
studying the Li-S battery systems. 
The structures of polysulfide anions, ethylene carbonate (EC) and propylene 
carbonate (PC) are optimized and the possible mechanisms of the reaction between 
polysulfide anions and organic carbonate electrolyte as well as Raman Spectra of the 
reactants and main products have been investigated by Density Functional Theory 
(DFT) method. The results showed that the reactions between the Sn
















carbon are more favorable than the carbonyl carbon with respect to activation energies 
and Gibbs free energies. Sulfur groups in polysulfides display strong Raman signals, so 
that the signals can be used to tail the reactions between Sn
2- and EC/PC reaction. 
Morever, the existence of Li+ has an influence on the simulated Raman spectra of 
reaction products. In summary, Our DFT results and Raman spectroscopic analysis 
provide a new insight into the information on structures and chemical reactions of 
polysulfide anions and organic carbonate electrolyte in the lithium-sulfur battery. 
Keywords: Lithium Sulfur Battery ;Density Functional Theory;Raman 























(Li2S)，理论容量将达到 1675 Ah Kg-1，能量密度为 2600 Wh Kg-1，是传统锂离子
电池容量的 3-5 倍[8]，如图 1-1 所示[9]. 
 
图 1-1 不同类型电池理论容量[9] 
Fig.1-1 The theoretical energy density of different rechargeable battery systems 




























Fig.1- 2 (a) Illustration of the charge (red)/discharge (black) process involved in a 
rechargeable Li-S cell consisting of lithium metal anode, organic electrolyte, and 
sulfur composite cathode and (b) charge/ discharge process involving the formation of 































图 1-3 锂硫电池第一次循环充、放电过程中对应电压示意图[17] 
Fig. 1-3 A typical discharge and charge voltage profile of the first cycle of Li/S cells 
上述问题可大致归属为循环寿命衰减快、循环效率差、高的自放电速率及较
差的安全性等问题。这些问题均与正极硫基在电池工作过程中所产生的一系列多
































见的形态是斜方硫 S8[22]，其次是环状 S12。斜方硫 S8 有 α，β，γ 三种不同的形态，
其中 β 和 γ 是亚稳态，在合适的温度下，它们会转成 α 态硫。α 态硫熔点为
115.21 ℃，沸点为 444.6 ℃，同时非常容易升华。在熔融状态下，硫表现出独特
的性质。加热时，硫的粘度缓慢下降。然后在 160 ℃因 S8 开环多聚，粘度开始











Fig.1-4 Proposed sulfur reduction mechanism. Major lithium polysulfide compounds 




















第 I 区域：在固-液两相间，S8 还原成 S82-,位于图 4 中 2.2-2.4 V 电位间。在
这一过程中，形成的 S82-溶解在液体电解液中形成液体阴极,在阴极上留下非常
多的孔洞，便于后续的硫暴露在电解液中，继续与参与反应： 
                         S8 + 2e
- →S82-                           (1-1)    
但是 S82- 在溶液中不能稳定存在，而且多硫化物非常容易发生歧化反应[30-33]： 
                         S8
2-→S62-+1/4 S8                        (1-2) 
                         S8
2-→S52-+3/8 S8                        (1-3) 
在此阶段，电化学反应和化学反应间存在竞争。若电化学反应慢于歧化反应，
那么在此阶段就有可能会有大量的 S62- 和 S52-存在。另外，在此阶段，通常会观
测到溶液颜色发生变化，这是由于 S62- 分解生成蓝色 S3
·- [30, 31, 34]： 
                          S6
2-→2S3
·-                           (1-4) 




                         S6
2-+2e-→2S42-                          (1-5) 
第 III 区域：液-固两相间，短链多硫化物生成。多硫化物阴离子进一步还原
成 S22-或 S2-，位于图 4 中 1.9-2.1 V 电位间。 
                         2S4
2-+2e-→4S32-                         (1-6) 
                         2S3
2-+2e-→3S22-                         (1-7) 
在此区域内，还存在另外一种可能的反应机理[35]： 
                          S4
2-+2e-→2S42-                         (1-8)        
                          S2
2-+S4
2-→2S32-                                    (1-9) 
                          S2
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